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l-/J-0 -Glycopyranosyl carbamates are prepared with practically 
100 % /f-diastcreoselectivity from ano me rie all y unprotected gly co­
py ranosides and isocyanates. The isocyanates are prepared in situ 
from car boxy lie acids via acyl azides.
In the course of our continuing research1 towards anti­
tumor prodrugs which can be activated by ^-glucuroni­
dase, /i-glucosidase or /i-galactosidase that conform to 
the ADEPT2 principle, we3 needed a highly /i-diastereo- 
selective synthesis of 1 -0-/i-glycopyranosyl carbamates
for the preparation of l-0-ß-glucuronyl, 1.0-/5-glucosyl 
and l-0-ß-galactosyl carbamate pro-moieties.4
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Table 1. Percentage of /¿-Stereoselectivity Obtained for Carbamates 3
Iso­
cyanate
2a
2c
2fh
Carba­
mate
3 a 
3e
C
/¿-Stereoselectivity Obtained Under the Solvent/Catalyst System0
toluene toluene
pyridine
toluene
(j-Pr)aNEt
toluene
Et3N
THF
Et3N
95
88
95
95
d
>98
90
>98
100 
>98
88
90
CH2C12
Et,N
95
88
" The reaction was carried out by adding la (20mg/ml) to 2 (2equiv) and Et3N (0.3equiv) at 20°C. Highest ^-stereoselectivity was 
obtained for reactions in toiuene/Et3N, the yield was >90% as determined by 1H NMR spectroscopy. 
h The reaction was carried out at 60X .  
ü No reaction.
(1 Low yield due to extensive side product formation.
%
Table 2, Conversion of Isocyanates 2 to Glycopyranosyl Carbamates 3
Starting Materials Prod- 
- ucta
Yield1*
(%)
mp (l,C)
[solvent]
‘H NMR (TMS/CDCU) 
<5, J  (Hz)
Iso­
cyanate
Gly cosy 1 
Donor
2a la 3a 81 (100) 181
t(/-Pr)20]
2.05 (s, 9H, 3OCOCH3), 3.74 (s, 3H, C 0 2CH3), 4.22 (d, 1H, Gluc5-H, 
9.7), 5.15-5.35 (m, 3H, Gluc2,3,4-H), 5.85 (d, 1H, Glucl-H, . /=  8.0), 
6.92 (s, 1H, NH), 7.10 (t, 1H, Ar4-H, J=  7.2), 7.25-7.45 (m 4H, ArH)
2d Id 3d 71(96) 102-105
[</-Pr)20]
3.40-4.15 (m, 4H, Gluc2,3,4,5-H), 4.35 (d, 1H, OC//aHbPh, J=  10.8), 4.63 
(d, 1II, OCH0/ / bPh, J =  10.8), 4.69 (s, 2H, OCf/2Ph), 4.77 (s, 2H, O C //2Ph), 
5.06 (s, 2H, COjC/ijPh), 5.60 (d, 1H, Giucl-H, J=  7.4), 6.37 (s, 1H, NH), 
6.90-7.45 (m, 25 H, ArH)
lí? 3g 89 (100) 169
[(/-Pr)aO/EtOAc]
1.97 (s, 9H, 3OCOCH3), 2.30 (s, 3H, ArCH3), 3.65 (s, 3H, COjCH3), 4.17 
(d, 1H, Gluc5-H, J =  8.9), 5.12-5.29 (m, 3H, Gluc2,3,4-H), 5.79 (d, 1H, 
Glucl-H, J=  7.1), 7.38 (dd, 1H, Ar5-H, J=  8.8, 1.9), 7.91 (d, 1H, Ar3-H, 
J=  1.9), 8.24 (d, 1H, Ar6-H, / =  8.6), 9.73 (s, 1H, NH)
2h lh 3h 94(100) 120-123
[(/-Pr)20/Et0Ac]
1.98 (s, 9H, 30C 0C H 3), 2.14 (s, 3H, ArC//3), 3.66 (s, 3H, C 0 2CH3), 4.16 
(d, 1H, Gluc5-H, J=  9.4), 5.02-5.41 (m, 3H, Gluc2,3,4-H), 5.75 (d, 1H, 
Glucl-H, J=  7.6), 6.67 (s, 1H, NH), 7.10-7.30 (m, 2H, Ar3,5-H), 7.56 (d, 
IH, Ar6-H, J —9A)
2i li 3i 80 (95) 155
(EtaO)
t
1.99 (s, 9H, 3 OCOCH3), 2.24 (s, 3H, ArCff3), 3.66 (s, 3H, C 0 2CH3), 4.16 
(d, III, Gluc5-H, y =9.4), 5.00-5.45 (m, 3H, Gluc2,3,4-H), 5.71 (d, 1H,
Glucl-H, J=  7.6), 6.90-7.15 (m, 4H, ArH), 7.39 (s, 1H, NH)
k
a Microanalyses of all compounds were in agreement with the calculated values: C ¿0*20, H ¿0.38, N ±  0.21. 
b Yield of pure //-product obtained after crystallization calculated from the amount of added 1. Yield given in parenthesis was determined
from l\i  NMR spectra of the crude reaction mixture.
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ß-Glucuronyl carbamates of type A and B are well known 
metabolites of drugs containing a primary5 or a second­
ary6 amine group, respectively, but reports on synthetic 
methods to prepare these /?-glucuronyl carbamates, or in 
a more general sense /i-glycopyranosyl carbamates of 
general structure C, are very scarce.7 Despite the copious 
literature on the addition reaction of alcohols to isocy­
anates leading to carbamates,8 only a few examples con­
cerning the addition reaction of the anomeric hydroxyl 
group of glycopyranosides to isocyanates are described 
(Schemel). In this context, 2,3,6-tri-O-methylglucose 
and phenyl isocyanate were allowed to react under a 
variety of conditions resulting in /?-diastereoselectivities 
ranging from 30 % to 80 %.9 Unprotected lactose reacted 
regioselectively with Cn - C 17 alkyl isocyanates to afford 
l-/?-0-lactosyl carbamates in yields between 24% and 
41 %. ■10 Finally allyl isocyanate was reacted with a variety 
of carbohydrates, for example with 2,3,4,6-tetra-0-ace- 
tylgalactose (lc), to give the corresponding allyl carb­
amates in 84% yield and 80% ß-diastereoselectivity.11
R
\> ~ O H
R1
1
N
il
C
/
0
PhMe 
Et3N, 0 °C
70~95 %
1— 3 R1 R2 R3 R4 R5
a OAc OAc H C02Me Ph
b OAc OAc H CH2OAc Ph
c OAc H OAc CH2OAc Ph
d OBn OBn H C 02Bn Ph
e OAc OAc H CO 2 Me Bn
f OAc OAc H CO 2 Me Et
g OAc OAc H C02Me 2“N 0 2j 4-MeC6H3
h OAc OAc H C02Me 2-Me, 4-BrC6H3
»i OAc OAc H C02Me 3-CI, 4-MeC6H3
Scheme 1
In order to determine optimal conditions leading to high 
/J-diastereoselectivities O  80 %), we studied the addition 
reaction of methyl 2,3,4-tri-Ó-acetylglucuronic acid 
(1 a) to phenyl-, benzyl- and ethyl isocyanate (Scheme 1, 
R =  Ph, Bn and Et, respectively) using different tertiary 
amines as a catalyst as well as different solvents. The 
anomeric composition (Table 1) of the products 3 a was 
determined from the integrals of the clear doublets of 
H-l (a) and H-l(/?) in the 100 MHz FT-NMR spectrum 
of the crude reaction mixture.
As can be seen from the figures in Table 1, the addition 
reaction of 1 a to isocyanates in toluene and triethylamine 
proceeds with highest jS-diastereoselectivity. Analogously 
to methyl 2,3,4-tri-O-acetylglucuronic acid (la), also 
benzyl 2,3,4-tri-O-benzylglucuronic acid (Id) adds to 
phenyl isocyanate (Schemel) in a highly /?-diastereo- 
selective fashion (95%, Table 2), when accomplished 
in toluene as solvent and triethylamine as catalyst. Ex­
amples of the addition of 1 a to isocyanates are given in 
Table 2.
Besides the addition of 1 to commercially available iso­
cyanates (Table 2), we studied the reaction of 1 with iso­
cyanates generated in situ from carboxylic acids 4 
(Scheme 2). In a one-pot procedure, carboxylic acid 4 
was converted to an acyl azide 512 which was then heated 
to form isocyanate 3 by the Curtius rearrangement. With­
out further purification, the isocyanate subsequently 
reacted with an anomerically unprotected glycosyl donor 
1 to yield glycopyranosyl carbamates 3. Employing this 
procedure, not only the glucuronic acid la, but also 
2,3,4,6-tetra-O-acetylglucose (lb) and 2,3,4,6-tetra-O- 
acetylgalactose (lc) add to isocyanates with practically 
100% /?-diastereoselectivity. As carboxylic acids are 
more readily available substances than isocyanates, the 
reaction sequence depicted in Scheme 2 presents a ver­
satile method giving access to a wide range of l-/?-0- 
glycopyranosyl carbamates as exemplified in Table 3.
.0 o=
r5- c '
OPh
P -N 3
OPh
O
r5- c4 85 °C
OH MePh
Et3N
N3
N
II
C
II
o
/ R1
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20 - 60 °C
60 - 85 %
3 R1 R2 R: R R5
j OAc OAc H C 02Me
/- BuO
k OAc OAc H C 02Me
OAll
1 OAc OAc H C 02Me
m OAc OAc H COiMe
OAll
n OAc OAc H COoMe
OSiMe2 f-Bu
OSiMe2 f-Bu
o OAc OAc H ŒLOAc
OSiMe2/-Bu
p OAc H OAc CHoOAc
Scheme 2
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The extremely high /?-diastereoselectivities that we found 
in all addition reactions of the glucuronide-, glucoside- 
and galactoside anomeric hydroxyl group to isocyanates 
is clearly no reflection of the anomeric compositions of 
the respective glycopyranoside hemiacetals in solution. 
In a number of different organic solvents, the glucuronide 
hemiacetal l a  appeared13 to be predominantly in its a- 
configuration (Table 4). When triethylamine was added 
to solutions of 1 a, the anomeric composition was even 
more in favour of the a-isomer as determined by NMR. 
Despite the fact that only approximately one-sixth of the 
anomeric hydroxyl groups of la  in toluene are in the ß- 
position (Table4), the addition reaction of la  to isocy­
anates without a catalyst (Table 1) results in a high ß- 
diastereoselectivity. When triethylamine is added to the 
reaction mixture the /^-diastereoselectivity is even more 
pronounced, following that the amine catalyzes the a- 
product formation. The high selectivity probably origi­
nates from the 1,3-diaxial steric hindrance in the a-tran- 
sition state, obstructing the tertiary amine from cata­
lyzing the addition reaction properly. Moreover, the 1-
OH group is known to be more nucleophilic in the ß- 
than in the a-configuration14. Additional evidence sup­
porting the assuption that the ^-product formation is 
more efficiently catalyzed is found using very reactive 
isocyanates. When 1 a reacted with 4-methyl-2-nitrophen- 
yl isocyanate (2g) in toluene at 0°C without catalyst or 
in the presence of a catalytic amount of triethylamine 
(0.3 equiv), a mixture of the a- and ^-products in a ratio
Table 4. Anomeric Composition of la  in Different Solvents
Solvent oc/ß Ratio of 1 in Solution
CDCl3a 4.9: l h
CD3OD 4: 1
toluene-¿/8 5:1
THF-</8 5.1 :1
a Only the a-anomer was detected in the presence of Et3N (1 equiv) 
in CDCI3.
fa Lit. 100: 0,16 4 : l ,17
Table 3. Conversion of Carboxylic Acids 4 to Glycopyranosyl Carbamates 3
Starting Materials Prod­
uct“
Yield0
(%)
mp (X )
(solvent)
lH NMR (TMS/CDCI3) 
<5, J (Hz)
Iso­
cyanate
Glycosyl
Donor
4j 3j 80c (95) 30-33
(foam)d
1.00 (s, 6H, C(CH3)2), 2.03 (s, 9H, 30C 0C H 3), 2.25 (s, 2 H, CH2C 0 2A11), 3.13 (d, 
2H, Ctf2NH, 7 =  6.7), 3.74 (s, 3H, C 0 2CH3), 4,16 (d, 1H, Gluc5-H, 7 -  9.8), 4.57 
(d, 2 H, CH—Ctf2, 7=  5,9), 5.10-5.35 (m, 6 H, OCH2, Gluc2,3,4-H +  NH), 5.72 
(d, 1H, Glucl-H, 7 -  8.1), 5.85-5.95 (m, 1H, CH=CH2)
4k lk 3k 68 (>95) 112-119
(Et20)
1.53 (s, 9H, /-C4H9), 1.91 (s, 3H, OCOCH3), 1.94 (s, 3H, OCOCH3), 1.95 (s, 3H, 
OCOCH3), 3.63 (s, 3H, C 0 2CH3), 4.08 (d, 1H, Gluc5-H, 7 = 9 .4 ) , 4.45 (d, 2H, 
A yCH2, 7=  6.6), 4.90-5.45 (m, 3H, Gluc2,3,4-H), 5.66 (d, 1H, Glucl-H, 7 = 6.6), 
6.11 (t, 1H,NH, J -  6.6),7.10-7.50(m, 3H, Ar3 to 5-H), 7.85 (d, 1H, Ar6-H,7 =  6.8)
41 11 31 86 (100) 82
[(/-Pr)20 /
EtOAc]
1.98 (s, 9H, 30C0jCH3), 3.58 (s, 2H, A tCH2), 3.67 (s, 3H, C 0 2CH3), 4.15 (d, 1H, 
Gluc5-H, 7=  9.2), 4.50-4.56 (m, 2H, CH=Ctf2), 5.00-5.45 (m, 5H, OCH2, 
Gluc2,3,4-H), 5.60-6.10 (m, 1H, C7f=CH2), 5.79 (d, 1H, Glucl-H, 7= 7 .1 ),  
7.00-7.40 (m, 3H, Ar3 to 5-H), 7.66 (d, 1H, Ar6-H, 7 =  7.5), 8.07 (s, 1H, NH)
4m lm 3m 69 (100) 63-67
[0'-Pr)2O/
EtOAc]
2.18 (s, 9H, 30C0CH3), 3.88 (s, 3H, C 0 2CH3), 4.32 (d, 1H, Gluc5~H, 7 =  9.3), 
4.55-4.75 (m, 2H, CH=Ctf2), 5,05-5.50 (m, 5H, OCH2, Gluc2,3,4-H), 5.50-6.10 
(m, 1H, CJ7»CH2), 5.90 (d, 1H, Glucl-H, 7 =  7.6), 6.60, 6.67 (s, 1H, NH) ,L8 
7.15-7.90 (m, 6H, 6ArH), 8.00-8.25 (m, 2H, Ar6,6'-H)
4n In 3n 80 (100) 19R
[(/-Pr)20 /
hexane]
0.00 [s, 6H, Si(CH3)2], 0.84 (s, 9H, i-C4H9), 1.95 (s, 9H, 3 0C 0C H a), 3,64 (s, 3H, 
C 02CH3), 4.12 (d, 1H, Glue 5-H, 7 =  9.3), 4.54 (s, 2H, ArC7/2), 5.08-5.21 (m, 3H, 
Gluc2,3,4-H), 5.68 (d, 1H, Glucl-H, 7 =  7.9), 6.63 (s, 1H, NH), 7.16-7.29 (m, 4H, 
Ar2,3,5,6-H)
4o lo 3o 77 (100) 99-100
[(/-Pr)aO/
hexane]
0.00 [s, 6H, Si(CH3)2], 0.84 (s, 9H, ¿-C4H9), 1.95 (s, 3H, OCOCH3), 1.96 (s, 3H, 
OCOCH3), 1.97 (s, 3H, OCOCH3), 2.00 (s, 3H, OCOCH3), 3.70-3.85 (m, ÍH, 
Gluc5-H), 4.00 (dd, 1H, Gluc6-tfaHb, 7 =  12.6 , 7 =  2.1), 4.24 (dd, 1H, Gluc6-Hatfb, 
7 =  12.6, 4.3), 4.60 (s, 2 H, ArCH2\  5.00-5.30 (m, 3H, Gluc2,3,4-H), 5.67 (d, 1H, 
Glucl-H, 7 =  7.8), 6.85 (s, 1H, ArN/f), 7.17 (d, 2H, Ar3,5-H, 7 -  9.1), 7.28 (d, 2H, 
Ar2,6-H, 7 -  9.1)
4p lp 3p 57 (100) 69-71
(foam)d
0.00 [s, 6H, Si(CH3)3], 0.84 (s, 9H, r-C4H9), 1.91 (s, 3H, OCOCH3), 1.96 (s, 3H, 
OCOCH3), 2.04 [s, Si(CH3)2], 2.08 (s, 9H, /-C4H9)3 3.90-4.15 (m, 3H, Gal5-H, 
2Gal6-H), 4.61 (s, 2H, ArCtf2), 5.03 (dd, 1H, Gal3-H, 7 =  3.2, 10.3), 5,25 (d, 1H, 
Gal2-H, 7=  8.0), 5.36 (d, 1H, Gal4-H, 7 =  3.2), 5.66 (d, 1H, Gall-H, 7 =  8.0), 6.93 
(s, 1H, ArNiJ), 7.17 (d, 2H, Ar3,5-H, 7 =  8.8), 7,30 (d, 2H, Ar2,6-H, 7 =  8.8)
“ Microanalyses of all compounds were in agreement with the calculated values: C ±0.39, H ±0.10, N ±  0 .11.
b Yield of pure ß-product obtained after crystallization based on the amount of added 1. Yield in parenthesis was determined from 
*H NMR spectra of the crude reaction mixture. 
c Addition reaction at 60 °C, a- and ß-products could not be separated.
All attempts to crystallize the sample failed. Evaporation of an Et20  solution resulted in a white foam.
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of 1:1 and 1:2, respectively, was formed. When a stoi­
chiometric amount of triethylamine is used in the reac­
tion, only the /j-product is formed (Table 2). Also in 
agreement with this supposition is the observation that 
the use of a sterically hindered amine (A^iV-diisopropyl- 
ethylamine, Table 1), catalyzing the addition reaction less 
efficiently,8 results in a lower /¡-diastereoselectivity,
Glycopyranosyl Carbamates 3 from Isocyanates 2; General Proce­
dure:
To a solution of 1 (1 mmol) in anhyd toluene (20 mL) and Et3N 
(1 mmol) cooled to 0' C was added the isocyanate 2(1 mmol). After 
2 h, the mixture was taken to dryness and subjected to flash column 
chromatography (silica gel, Et20/hexane) to yield 3 in good to 
excellent yield and 95-100% /¿-diastereoselectivity. The pure /i~ 
isomer was crystallized (Table2).
Glycopyranosyl Carbamates 3 from Carboxylic Acids 4; General 
Procedure:
A solution of 4 (11 mmol), diphenylphosphoryl azide (303 mg, 
11 mmol) and Et3N (11 mg, 11 mmol) in anhyd toluene (100 mL) 
was stirred overnight under an argon atmosphere at r.t. The mixture 
was subsequently heated at 85 °C for 2 h. To this mixture was added 
1 (6 mmol15) and stirred overnight at r.t. When 1 had almost dis­
appeared as monitored by TLC (silica gel, Et20), the mixture was 
diluted with Et20  (500 mL) and washed successively with aq 0.5 N 
KHS04 (200 mL), sat. aq NaHC03 (3x200mL) and brine 
(200 mL). The organic layer was dried (Na2S04) and evaporated. 
The residual oil was purified by means of flash column chroma­
tography (silica gel, Et20/hexane) to yield 3 in good to excellent 
yield and 95-100% / -^diastereoselectivity. The pure ß-isomer was 
crystallized (Table 3),
This work was supported by a Dutch Cancer Foundation grant (no, 
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